ALIgfflffiNT APPARATUS. ALIGNMENT METHOD, 
EXPOSURE APPARATUS A ND EXPOSURE METHOD 



BACaCGROUNE OP THE INVENTION 

1. Field of the Invention 
10001] 

The present invention relates to an alignnent 
10 apparatus and alignment method for aligning a photcanasfc 
and a substrate, an esq^osure apparatus and an exposure 
method for transferring by exposure an image Qt a pattern 
fozzned on the photcsnask onto the substrate via a 
projection optical system by using the alignment 
15 apparatus and the method in a production process of a 

eeni conductor device, liquid crystal display device , 
etc. , euid particularly relates to an alignment aj^aratus 
and alignment method for focusing on the substrate, 
exposure apparatus and an exposure method using the 
20 alignment apparatus and the method. 

2. Description of the Related Art 
[0002] 

In producing semiconductor devices, li<3uid crystal 
display devices and other devices , a projection exposure 
25 of an image of a fine pattern formed on a photomask or 
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reticle (hereinafter, these ara generally referred to as 
reticle) by using an exposure ai^aratus on a substrate^ 
such as a semiconductor tyafer, glass plate, etc., onto 
which a photo resist or other photosensitive agent is 
S applied therson, is repeatedly performed. When performing 
projection exposure, it is neeessaiy that a position of 
the sijbstrate is accurately aligned with a position of an 
image of a pattern formed on the reticle. An ea^osure 
apparatus is provided with an alignioent appsuratua for 

10 aligning the position. The alignment apparatus is 

comprised of an alignment sensor for detecting a position 
of an alignment mark formed on the substrate and a 
control ayatesm. for aligning the substrate based on the 
position of the alignment nark detected by the alignment 

15 sensor . 

[0003] 

Due to changes in the surface conditions (a roughness 
degree) of the substrate to be measured in a production 
process of a semiconductor device, liquid crystal display 

20 device, etc., it is difficult to accurately detect the 

position of the substrate using one alignnant sensor, so 
a different sensor is generally used in accordance with 
the surface conditions of the substrate. Concerning the 
alignxoent sensor, generally, there axe a laser step 

25 alignment (LSAJ type, a field image alignment (FXA) type 



and laser interferometrlc alignment (LIA.) type. Below, an 
explanation will be made by giving an outline of the 
allgiment sensors. 
[0004] 

An LSA type alignment sensor emits a laser light on 
an alignment mark fortned on the s-ubstrate, uses a 
diffracted and dispersed light for measuring a position 
of the alignment mark, and is widely used in 
semiconductor wafers of a variety of conventional 
production processes. An FIA type alignment sensor eanits 
the alignment mark by using a light source having a broad 
wavelength bandwidth^ such as a halogen laisqpf etc», 
perfonns image processing on an image of the alignment 
mark obtained thereby for measuring the position, and is 
effective when measuring an asymmetric mark formed on an 
aluminum layer or substrate surface. An LIA type 
alignment sensor emits laser lights having a slightly 
different frequency from two directions on the alignment 
mark in a diffraction grating shape formed on the 
substrate surface, makes the two diffracted lights 
generated thereby interfere with each other and detects 
position information of the alignment mark from a phase 
of the interfering lights. The LIA type alignm^t sensor 
is effective when used for an alignment mark having a low 
step difference and a substrate having a rather rough 



surface . 
[0005] 

Also generally, an optical system is provided with an 
auto-focusing mechanism, while the alignment sensors are 
5 also provided with an auto-focusing mechanism for making 
a surface to be measured within a predetermined rang^ 
from the alignment sensor (this is also referred to as 
"focusing'') . The auto-focusing mechanisai is comprised of 
an auto-focusing sensor for emitting a beam of light for 

10 detecting the alignment mark to be measured and detecting 
a position (focal position) of the surface to be measured 
in an optical axis direction from the reflected light and 
a drive mechanism for setting the focal position to be in 
a position desired in advance. 

15 [0006] 

Next, an alignment sensor of the related art Will be 
explained. Figure 10 is a view of the configuration of an 
alignment sensor of the related art. In Pig. 10, an 
illumination light lUO from an illumination light 

20 source, such as an ex-teimal halogen lamp, etc. is 

introduced into an alignment sensor 100 via an optical 
fiber 101. The illimination light ILIO is emitted on a 
field division stop 103 via a condenser lens 102. Figure 
11a is a view of an exas^le of the field division stop 

25 103. As shown in the figure, the field division stop 103 



is foianed with a mark illuminating stop 200 made by an 
opening in a wide rectangular shape at the center and 
focus detection slits 201 and 202 coit^KSsed of a pair of 
openings in a narrow rectangular dhap« arranged so as to 
sandwicdi th© mark illianination atop 200- 
[0007] 

The illumination light ILIO is divided by the field 
division stop 103 into a first beam of light of mark 
illumination for illuminating an alignment mark region on 
a substrate w and a second beam of light of focal 
position detection prior to alignment, The illumination 
light 11.20 subjected to field dividing as it passes 
through a lens syst^ 104, is reflected on a half mirror 
105 and a mirror 10€, is reflectekd on a prism mirror 108 
via an object lens 107, and is emitted on and near the 
mark region including the alignment mark AM formed within 
a street line SL on the substrate W as shown in Figs. 12a 
and 12b. Note that the street line is a region for 
dividing devices formed on the wafer or for 
sectionalizing the wafer surface into regions (circuit 
pattern regions) , and a circuit pattern is not formed 
thereon. Figures 12a and 12b are views for explaining the 
illumination region on the wafer W of tii& alignment 
sensor 100 of the related art. 

[0008] 



A raflectied light on an exposure surface of the 
s-ubstrate W at the time of emitting the illumination 
light IL20 is reflectad on the prism mirror 108, passes 
through the object lens 107, reflected on the mirror 106, 
then passes through the half mirror 105. Then/ it reaches 
a beam splitter 110 via the lens system lOd and the 
reflected light is diverged into two directions. A firet 
diverged light which passed through the beam splitter 110 
forms an image of the alignment mark AM on an index plate 
111. Then/ a light from the image and the index mark on 
the index plate 111 is emitted on an image pickvp device 
112 ooff^rised of a two-dimensional CCD, and images of the 
mark AM and index mark are formed on a light receiving 
siirface of the image pickup device 112. 
[00091 

On the other hand, a second diverged light reflected 
on the beam splitter 110 irradiates on a shield plate 
113. Figure lib is a view of an exsn^le of the shield 
plate 113. The shield plate 113 shown in Fig. lib blocks 
an incident light to a rectangular region added a 
reference number 205 and lets an incident light to a 
region 20€ other than the rectangular region 205 pass 
through it. Accordingly, the shield plate 113 blocks the 
diverged light corresponding to the first beam of light 
and lets the diverged light corresponding to the second 



beam of light pass through it. The divergecl light passed 
through the shield plate 113 is ^tted on a line sensor 
115 coit^rised of a one-dimensional COD in a state that 
telecentrxc characteristics is broken by a. pupil division 
mirror 114, and an image of the focus detection slits 201 
and 202 is fomted on a light receiving surfacse of the 
line sensor 115. 
tOOlO] 

Here, since telecentric properties are sckcured 
between the substrate W and the image pickup device 112 
when the substrate W displaces in a direction in parallel 
with optical axises of the ill\wtination light and 
reflection lights an image of the alignment mark AM 
formed on the light receiving surface of th« image pickup 
device 112 becomes defocusad because the position on the 
light receiving surface of the Image pickup device 112 
does not change. On the contrary, since the reflected 
light to be emitted to the line sensor 115 breaks the 
telecentric properties as es^lained above when the 
siabstrate W displaces in the direction parallel with the 
optical axises of the illumination light and reflection 
light/ images of the focus detection slits 201 and 202 
formed on the light receiving surface of the line sensor 
115 are misaligned in the croeaing direction with respect 
to the optical axis of the diverged light. By using the 
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c±iarac'tdristics , the positions (focal position) of the 
substrate W in the direction of the optical axes of tha 
illumination light and the reflected light ar© detected 
by measuring the amount of deviation with respect to a 
S reference position of the image on the line sensor 115. 
Details of the technique are foxind by referring to, for 
escarople, the Japanese Laid-Open Patent Publication No. 7- 
321030. 

EOOll] 

10 ?7hen taking an example of production of a 

semiconductor device, a process known as the O.ZSfjm rule 
is currently in practice, however, d^nands for a finer 
rule have become stronger and in the future central 
processing units (CPU) and a random access maoory (KAM) 

15 are planned to be produced using a 0.1^ rule. Under such 
oiz-oumstances / further In^rovement in alignioent accuracy 
is required. Generally, of necessary resolution about 1/3 
Is required as alignment accuracy, so an alignment 
accuracy of about 30mn will be required for a resolution 

20 of O.l/um. 

[0012 J 

In the above alignment apparatus of the related art, 
from the structural limits of the optical isystem, as 
shown in Fig. 12a, an image of the mark illumination stop 
25 200 formed on the field division stop 103 is knitted on 
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the substrate W as an image 210, and images of focus 
detection slits 201 and 202 are projected on the 
substrate W as images 211 and 212, respectively. Kote 
that Fig- 12b is a sectional view along the line A-A in 
5 Fig. IZa wherein reference numbers Rl, R2 an^ R3 indicate 
regions on which images 210, 211 and 212 are irradiated^ 
respectively. When processing on the substralie W is 
performed many times, a etsp differoince between a device 
portion DP being formed on a circuit pattern and the 

10 street line SL becomes large. Namely/ a large step 

difference arises between the position of a height of a 
surface of the device portion DP and a position of a 
height of a surface of the street line SL. This is 
because processing to form an insulation film, etc. is 

15 performed, on the device portion DP and the processing is 
not performed on the street line SL, 
[0013] 

In this case, the focal position of the alignment 
optical system detected by the detection operation of the 

20 fooal position is not an optimal focal position with 
respect to the alignment mark AM but an optimal focal 
position with respect to the device portion DP. 
Therefore, when performing alignment, if the substrate W 
is aligned based on the focal position of the above 

25 detected alignment optical system, the alignment mark AM 
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comes to a state of being offset by an amount of step 
difference between the street line SL surface and the 
device portion DP surface. As a result, an image of the 
alignment mark AM is formed in a state c^focused exactly 
5 by the offset amount on the image pickup device 112, so 
that there is a disadvantage whereby accurate alignment 
is difficult to attain. 
[0014] 

Also, since the surface of the device portion DP is 

10 uneven due to & circuit pattern formed thereon, it is 
considered that irradiated images of the slits 201 and 
202 for focus detection are diffracted and a reflected 
light amount is r^uced, consequently ^ detection of the 
focal position becomes difficult due to an insufficient 

15 light amount. To solve the disadvantage, it is 

considered, for example/ to use a halogen lanip «^ich 
emits a non -photosensitive light having a broad 
wavelength bandwidth and to divide the light emitted fran 
the light source to a light in a range of visible light 

20 rays and an infrared rays for irradiating on the 

alignment marlsi AM. In this case, even by setting up an 
optical system so that the lights of the respective 
wavelength bandwidth are irradiated on the overall 
alignment mark AM, the respective waveleungth bandwidth 

25 can be separated at the detection step/ so that it is 
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considered that the above disadvantage does not arise. 
[0015] 

However, whan generating a light source for niark 
iliumination and a light source for position detection by 
5 dividing the wavelength bandwidth of the halogen l&tap as 
e^lained above, >«velength bandwidth of the respective 
light sources are narrowed and a light having the whole 
wavelength bandwidth of the halogen lamp cannot be used. 
As a result, a light amount for detecting the aligzunent 

10 nark AM and a light amount for detecting the position are 
both reduced and it is considered that detection of the 
position detection of the alignment mark and detection of 
the focal position becomes difficult due to the 
insufficient light amount. Also, there may be a case 

15 where reflsction characteristics of the street line SL 
formed on substrate W have wavelength d«penden<^ 

caused by a material, etc. In this case, the reflectance 
is widely reduced in one bandwidth or both bandwidth of 
the divided lights having a narrow wavelength bandwidth, 

20 and the light amount may become dieadvantageoualy 
insufficient in the same way as e^lained above. 
C0016] 

Furthermore, since the optical system is set so that 
the lights of the respective bandwidth irradiates on the 
25 overall alignment mark AM, the light having the bandwidth 
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for position detection is diffracts due to the aligmaent 
mark AM so that the reflectance of the light of this 
bandwidth may be reduced in seme cases. To overctwne this 
disadvantage, as shown in Pig. 13, the optical system may 
5 be changed to widen the irradiation region of the light 
of a bandwidth for position detection along the street 
line SL so that the region R5 in the figure is 
irradiated. 
10017] 

10 Figure 13 is a view for escpXaining disadvantages when 

the illx3xaination region is changed in the alignment 
sensor of the related art. In this case, there arises no 
disadvantage when the street line SL is formed in the 
direction along with the irradiation region, that is, 

15 when measuring the alignment marks 3>M1 and AM3. However, 
since the street line SI. is generally formed to be 
grating, there arises a disadvantage that the focal 
position detection cannot be performed accurately when 
measuring the alignment marks AM2 and AM4 in the figure. 

20 

SUMbdARY OF THE INVENTION 
[00183 

An object of the present invention is to enable 
alignment of a substrate and detection of a focal 
25 position of an alignment optical systen prior to the 
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alignment with high accuracy, 
[00193 

According to a first aspect of the present invention, 
thera is provided an alignment apparatus/ comprising a 

5 position detection optical syBtera which detects a 
position of a mark fonoed on a street line of a 
substrate and a focus detection systom which detects 
deviation between an irradiated region and a focused 
surface of the position detection optical syst^ by 

10 irradiating a detection light on a region of said street 
line and a different region from « region of said niarlc at 
a tinia and detecting a reflected light of the detection 
light- 

[0020] 

15 Since deviation of a street line with respect to the 

focused surface is detected by illuminating a detection 
light on the street line, deviation of a position of the 
street line with respect to a focus of the position 
detection optical system can be accurately detected. 

20 Also, the detection light is emitted on a region on the 
street line different from the region on which a neirk is 
formed and not dispersed by the m&xk, so that a 
sufficient light aiaoiont for focus detection is obtained. 
As a result, accuracy of position detection can be 

25 iir^roved. 
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10021] 

The alignment apparatus of the present invention, 
when said street line exists in & first direction and in 
a second diraction perpendicfularly crossing with the 
5 first direction, said focus detection system preferably 
comprises a first detection systiw using a first 
detaction light extending along with said first direction 
and a second detection system using a second de-tectlon 
light extending along with said second direction. 
10 [0022] 

Even if the mark is formed on perpendicularly 
crossing street lines / it is preferable for detecting a 
mark position because the first detection light or the 
second detection light can be emitted on the street 
IS lines . 

[0023] 

In this case, a plurality of at least one of the 
first detection light or the second detection light may 
be provided. If at least one of the first detection light 

20 or the second detection light is provided so as to detect 
a plurality of portions on the street line, it is 
possible to detect deviation of focus position at a 
plurality of portions on the substrate fay one-time 
deviation detection, thus, accurate detection can be 

25 attained based on the detection results of the plurality 
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a£ portions. 
[0024] 

In an alignment apparatus of the present invention, 
said focus detection system malees a conparison of 

5 intensities of reflection lights of said first and second 
detection lights, and performs focue detection To^ using 
either one of said first or second detection system in 
accordance with the comparison result and said focus 
detection system can perform focus detection fay selecting 

10 and using said first detection systean when a street line 
on which a mark for position detection exists is along 
said first direction/ and selecting and using said second 
detection syst^ when the street line is along said 
second direction. By doing bo, it is not necessary to 

15 perform focus detection using a reflection light of a 
detection light irradiated on a region other than the 
street lines, conseciuently, it contributes to an 
inprovement of throughput. 
[0025] 

20 According to a second aspect of the present 

invention, there is provided an escposure apparatus 
provided with the above alignment apparatus. According to 
the invention, deviation of the street lines with respect 
to the focused surface of the alignment apparatus is 

25 detected with high accuracy by the above alignment 
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apparatus, and alignment: of the substrate can be 
performed with high acesuracy based on th« highly accurate 
detection results. Thus, it is extremely preferably for 
producing a finer device. 

5 [0026] 

According to a third aspect of the present invention, 
there is provided an alignment method for aligning a 
substrate on which a mark is formed on a street line, 
including the steps of irradi&ting a detection light on a 

10 region on said street line and a region different fratn a 
region of said marlc at a tims, detecting deviation 
between an irradiated region and a focused surface of 
said position detection optical system by detecting a 
reflected light of the detection light, and then 

IS detecting a position of the mark for aligning said 
substrate . 
[0027] 

In an alignment method of the present invention, when 
the Street lines exist in the first direction and in the 

20 second direction perpendicularly crossing with the first 
direction, a first detection light extended along with 
the first direction and a second detection light extended 
along with the second direction can be emitted as the 
above detection light. At this time, it is preferable to 

2S con^re intensities of reflected lights of the first and 
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second detec-bxozi lights to detect, focus by using either 
one of the first or second detection light in accordance 
with the can^^rison result, and to perform position 
detection by using the first detection light when the 
5 street line on which a nark for position detection exists 
is along with the first direction/ while using the second 
detection light when it is along with the second 
direction. According to the alignment method of the 
present invention , the same effects can be obtained as in 
10 the alignment apparatus of the present invention. 
[0028] 

According to a fourth aspect of the present 
invention / there is provided an es^sure method of 
aligning a photosensitive ^(ubstrata as an object to be 
IS exposed by using the above alignment method and exposing 

the aligned photosensitive substrate via a mask on which 
a pattern is formed. According to the invention, the same 
effects can be obtained as in the e:3^>osure apparatus of 
the present invention as explained above. 

20 

BRIEF DESCRIPTION OF TH& DRAWINGS 

These and other objects and features of the present 
invention will become clearer frean the following 
description of the preferred «nbodimants given with 
25 reference to the attached drawings / in which: 
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Fig. 1 is a view of the sch«natic configuration of an 

exposure apparatus according to an acibodiment of th« 

present invention; 

fig. 2 is a view of the configuration of an alignment 
5 sensor according to an esnbodiinent of the present 

inventions- 
Fig. 3 is a deotional view of an example of a field 

stop plate according to an embodiment of the present 

invention ; 

10 Fig. 4 is a view for explaining an illumination 

position of an illumination light on a wafer according to 

an embodiment of the present invention; 

Fig. 5 is a view for ea^laining an irradiation 

position of an illumination light on a wafer on which 
15 street lines are formed according- to an embodiment of the 

present invention; 

Fig. 6 is a View of the configuration of an alignment 

apparatus according to another embodiment of the present 

invention; 

20 Fig. 7a is a sectional view of an exanple of a field 

stop plate according to other etnbodiment of the present 
invention; 

Fig. 7b is a sectional view of an exan^le of a shield 
plate according to another embodiment of the present 
2S invention ; 



- 19 - 



Fig. a is a view of a state an illumination light 
irradiates on an alignment mark in Fig. 5; 

Pig. 9 is a flow chart of production of a device (a 
semiconductor chip, such as an IC and LSI, liquid crystal 
5 panel, CCD, thin film magnetic head, micro machine, etc.) 
using an exposure apparatus according to an embodiment of 
the present invention; 

Fig. 10 is a view of the configuration of an 
alignment sensor of the related art; 
10 Fig. 11a is a view of an exasqple of a field division 

atop of the related art; 

Fig. lib is a view of an example of a shield plate of 
the related art; 

Fig. 12a is a view for explaining an illumination 
IS region on a w&fer of an alignment sensor of the related 
art; 

Fig. 12b is a sectional view along the line A^A of 
Pig, 12a; 

Fig. 13 Is a view for explaining disadvantages when 
20 an illumination region is changed In an alignment sensor 
of the related art; 

Fig. 14a to Fig. 14c are views of exaiBples of 
performing position detection of a mark by moving a 
substrate stage after detecting a focus aecordlng to an 
25 embodiment of the present invention; and 
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Fig. 15a to Fig. iSc are views of exait^Xes of 
performing position detection of a nark by moving a 
substrate stage after detacting a focus In the case of 
LSA according to an etxibodlment of the present Invention. 

5 

DESCRIPTICVN OF TEE PREFERRED EMBODIMENTS 
[Q029] 

BeloWy an alignment apparatus, alignment method, 
exposure apparatus and exposure mathod according to an 

10 embodiment of the present ln-«rentlon will be explained in 
detail with reference to drawings. Figure 1 is a view of 
the schematic configuration of an exposure apparatus 
according to an ^nbodlment of the present invention. In 
the present ^nbodlment, the present invention is applied 

15 to an exposure apparatus of a step-and-repeat type 

(collective eacposure type) provided with an alignment 
sensor of an off -axis type. Note that the present 
invention can be also applied to an exposure apparatus of 
a step-and-scan type (scanning exposure type) exposure 

20 apparatus. In the explanation below, an XIZ rectangular 
coordinates system shown in Fig. 1 is set and positional 
relationships of respective con^nents will be explained 
with reference to the XYZ rectangular coordinates systeo. 
The XYZ rectangular ooordinates system Is set so that the 

25 X-axis and the z-axis are in parallel with the paper 
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surface and the Y-axis is vertical with respact to the 
paper surface. In tha XYZ coordinates system in the 
figure, actually the XY plane is set as a plane in 
parallel with a horizontal plane, and the Z-axis is set 
5 in the upward vertical direction. 
[0030] 

In Fig. 1, the ill-Lonination optical systeEm 1 emits an 
exposure light EL having an almost uniform intensity of 
illumination and irradiates the reticle 2 when a control 

10 signal instructing to emit an exposure light is output 
from a later explained main control system 13, An 
optical axis of the exposure light EL is set to be in 
parallel with the Z^axis direction. As the exposure light 
CL, for exan^le, a g-ray (436nm) , i'-ray i365nn) , KrF 

15 excimer laser (248nm) , ArF excioer laser (193nm) and Fa 
laser (157mn) can be used. 
10031] 

The reticle 2 has a fine pattern to be transferred 
onl:o bhe wafer <sub6tra'te) W applied a photo resist 

20 thereon and held on a reticle holder 3. The reticle 

holder 3 is held so as to be able to move and to finely 
rotate within the XY" plane on a base 4. The main control 
syst^n 13 for controlling operations of the whole 
appara-tus controls operations of reticle stage 3 via a 

25 drive apparatus 5 on the base 4 for setting a position of 
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the reticle. 
[0032] 

mien the eaqsosure light EL is knitted frcsn the 
illumination optical system 1, a pattern image of the 
5 reticle 2 is projected on respective regions as device 

portions on the wafer W via the projection optical system 
6. The projection optical system 6 compriBes a plurality 
o£ optical elements, such as lenses. Materials o£ the 
optical element is selected from optical rasiterials, such 

10 as quartz / fluorite, etc. in accordance with i«favelength 
of the exposure light EL. The wafer w is mounted on a Z- 
etage 8 via a wafer holder 7. The Z-stage 8 is a stage 
for finely adjusting the position of" the wafer W in the 
Z-axis direction. The Z-stage 6 is also mounted on an XX~ 

15 stage 9. The SCT-stage 9 is a stage for moving the wafer W 
to the xy-plane. Note that, ^ile not illustrated, a 
stage for making the wafer W finely rotate on the XT- 
plane and a stage for adjusting an inclination of the 
wafer W with respect to the XY-plane by changing an angle 

20 with respect to the Z-axis may be provided. 
[0033] 

On one end of an upper surface of the wafer holder 7 
is attached an L-shaped moving mirror 10,- and a laser 
interferometer 11 is arranged at a position facing a 
25 mirror surface of the moving mirror 10. While the 
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illustration is sinplified in Fig, 1, the moving mirror 
10 is coRiprised of a plane mirror having a mirror surface 
vertical to the X-axis and a plane mirror having a mirror 
surface vertical to the Y-axis. The laser interferometer 
5 11 is con^)rised of two laser interferometers for the X- 
axis for irradiating a laser beam on the moving mirror 
along with the X-axis and a laser interferometer for the 
Y-axis for irradiating a laser beam on the moving mirror 
10 along the Y-axis, The X-coordinate and Y-coordinate of 
10 the wafer holder 7 are measured by one laser 
interferometer for the X-axis and one laser 
interferometer for the Y-axis . 
[0034] 

Also, a rotation angle on the XY-plane of the wafer 
15 holder 7 is measured from a difference of the measurement 
values by the two laser interferometers for the X-axis. 
Information about the X-coordinate and Y-coordinate 
measured by the laser interferometer II and the rotation 
angle is supplied to the stage drive system 12. The 
2D information is output as position information from the 

stage drive system 12 to the main control system 13. The 
main control system 13 controls the alignment operation 
of the wafer holder 7 via the stage drive system 12 while 
monitoring the supplied position information. Kote that, 
25 while not illustrated in Fig. 1, the reticle holder 3 is 
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also provided with those similar to the moving mirror and 
laser Interferometer provided in the wafer holdar 7, and 
information on the Xrz position, etc. of the reticle 
holder 3 is input to the main control system 13. 
5 [00351 

An off-dasis alignment sensor (focus optical system) 

14 ie provided beside the projection optical system 6, 
The alignment sensor 14 is an alignment apparatus 
according to an ernbodimant of the present invention 

to provided in an eacposure apparatus according to an 

embodiment of the present invention and is an alignment 
apparatus of when applied to the field image alignment 
(FIA) type. The alignment sensor 14 is for detecting 
deviation of focus position of a street line formed on 

15 the wafer W with a focus of an alignment optical system 
of the alignment sensor 14. The alignment sensor 14 is 
irradiated by an irradiation light for illuminating the 
wafer W from a halogen lamp 15 via an optical fiber 16. 
The reason why the halogen lan^ IS is used as a light 

20 source here is that an emission light of the halogen Isaap 

15 has a wavelength range of 500nm to SOOnm preferably 
530nm to eoOmn, which is not a photosensitive range for 
the photo resist applied on the upper surface of the 
wafer and has a broad wavelength bandwidth, which can 

25 reduce effects of wavelength characteristics of the 
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reflectance on the wafer W surface. 
[0036] 

The illumination light emitted from the alignment 
sensor 14 is reflected on the prism mirror 17 and 

6 irradiates the upper surface of the wafer W, The 

alignment sensor 14 takes in the reflected light of the 
u|^er surface of the wafer K via the priam mirror 11, 
converts detection results to an electric signal and 
outputs to an alignment signal processing system 18. 

10 Also^ while illustration is omitted, a position detection 
sensor (position detection optical system) for detecting 
a position on the XY-plane of the alignment mark 
formed on the wafer 17 is provided and detection results 
of the position detection sensor are input into the 

15 alignment signal processing system 18. A focal position 
of the position detection sensor in the Z-axis direction 
is set to be identical with that of the alignment sensor 
14 in the Z-axis direction. The alignment signal 
processing syst<9Bi 18 obtains position deviation 

20 (defocused amount) about the street line SL formed on the 

wafer W with respect to the focal position of the 
alignment sensor and a position of the alignment loark AM 
on the xr-plane based on the detection results from the 
aligmnent sensor 14 and the detection results output from 

25 tha position detection sensor and ou'^uts the same as 
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wafer position information to the main control system 13, 
[0037] 

The main control system 13 controls the whole 
operations of the exposure apparatus based on th« 

5 position information output fran the stage drive eysten 
12 and the wafer position information output from the 
alignment signal processing system 18. Specifically, the 
main control systen 13 outputs a drive control signal to 
the drive syst^ 12 based on the wafer position 

10 information output from the alignment signal processing 

systea 18. The drive system 12 performs stepping drive on 
the xy-stage § and Z-stage 8 based on the drive control 
signal. At this time, the main control systcsa 13 first 
outputs a drive control signal to the drive syat^ 12 so 

15 that a position of a reference mark formed on the wafer W 
is detected by the position detection sensor. When the 
drive system 12 drives the X^-etage 9, dateotion results 
by the alignment sensor 14 and position detection sensor 
are output to the alignment signal processing syst«n 18. 

20 From the detection results, for example, a base line 
amount as an amount of deviation between a detected 
sensor by the position detection sensor and a center of 
the projected image of the reticle R <an optical axis AX 
of the projection optical system 6) is measured. Then, by 

25 controlling the X-coordinate and Y-coordinate of the 



wafer W based on a value obtained by adding the above 
base line amount to the position of the alignment mark AM 
measured by the position detection sensor, the respective 
shot regions are to be accurately aligned with exposure 
positions . 
C0038] 

In the present embodiment, qson trolling alignment of 
the position of the street line SL formed on the wafer W 
to the focal position of the alignment sensor 14 is 
performed so as ■bD xn?>rove detection accuracy of the 
alignment mark AM position. Namely, when measuring the 
position of the alignment mark AM on the xy-plane, the 
main control system 13 controls the stage drive system 12 
so that the alignment mark AM is within the range 
detected by the position detection sensor first, and 
then, controls the stage drive system 12 so that the 
position of the street line SI< formed on the wafer H in 
the Z-axis direction is focused at the focal position of 
the alignment sensor 14. As explained above, since focal 
positions of the position detection sensor and alignment 
sensor 14 in the Z-axis direction are set to be 
identical, by focusing the street line formed on the 
wafer W on the focal position of the alignment sensor 14^ 
the street line SL is to be focused also on the position 
detection sensor, AccoJcdingly, by improving accuracy of 
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focal position detection of the alignmant sensor 14, it 
is possible to align the alignment mark AM with the focus 
of the position detection sensor, consequently, detection 
accuracy of the alignment mark J^M by the position 

5 detection sensor is improved. After detecting the 

position of the alignment mark AM and accurately aligning 
the shot region to be exposed with the exposure position, 
the main control system 13 outputs a control signal to 
the illumination optical system 1 to emit an exposure 

10 light EL. 

[0039] 

The schematic configuration and operations of an 
exposuire apparatus according to an embodiment of the 
present invention were eaqplained above. Next, an 

15 alignment sensor 14 provided in the alignment apparatus 
according to an embodiment of the present invention will 
be explained in detail. Figure 2 is a view of the 
configuration of the alignment sensor according to an 
embodiment of the present invention. Note that in Fig. 2, 

20 the same reference numbers are used for identical 

components with those shown in Pig. 1. As shown in Fig. 
2, the alignment sensor 14 is introduced as an 
illumination light ILl having a wavelength range of SOOnm 
to eCCnm preferably 530nm to SOOnm from the halogen las^ 

25 15 in Fig. 1 via an optical fiber 16. 
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[0040] 

The illumination light ILl irradiates on a field stop 
plate 21 via a condenser lans. The field stop plate 21 is 
used to regulate a shape of an image of the illumination 

5 light IL irradiated on the wafer W. Figure 3 is a 

sectional view- of an example of the field stop plate 21. 
The field stop plats 21 shown in Fig, 3 is disk shaped, 
on which a rectangular opening 40 is f owned from near the 
center in the Y-axis di recti on / and a reotangular opening 

10 41 from near the center in the X-axi9 direction is 

further formed. Accordingly, the incident illumination 
light IL on the field stop plate 21 is shaped to be an 
illumination light in a reotangular shape longitudinal in 
the X-axis dlfeetion and an illumination light in a 

15 rectangular shape longitudinal in the Y-axis directim by 
passing through the field stop plate 21. Below, when, 
distinguishing these illumination lights, the one in a 
rectangular shape longitudinal in the X-axis direction 
will be referred to as illumination light ILk and the one 

20 in a rectangular shape longitudinal in the Y-axis 

direction will be referred to as illumination light ILy 
in the explanation. When explaining them together without 
distinguishing the illumination lights ILx and XL,, the 
es^lanation will be made by referring them as 

25 illumination light IL2. 
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[0041] 

After passing through a lens system 22, the 
illumination light IL2 is reflected on a beam splitter 
23, passes through an object lens 24 and is knitted from 
S the alignment sensor 14, When th« illumination light 11*2 
is Knitted from the alignment sensor 14, it is reflected 
by a prism mirror 17 and illmiinat©s near an alignment 
mark AM formed on a wafer W. Figure 4 is a view for 
explaining the irradiation position of th« illumination 
10 light IL2 on the wafer W. In Pig. 4, the regions 

indicated by a code RA are regions on which the alignment 
mark AM is formed on the XY-plane. Namely, the alignment 
mark AM is formed within the region HA, In an exsn^le 
shown in Fig. 4, the regions RA axe formed at crossing 
15 positions of a plurality of straight lines in parallel 
with the X-axis direction and a plurality of straight 
lines in parallel with the Y-aaeis diraetion. The 
illumination light ILg and illiamination light ILy 
con^sing the illumination light XL2 as a detection light 
20 are illuminated on regions other than the regions R^, The 
illumination light ILg and illumination light IL* are 
also illuminated on regions other than the regions RA 
when an arrangement of the regions RA is changed from 
that in Fig, 4. 
2S [0042] 
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Returning to Fig. 2, the wafer W is arranged so that 
ragione, on which the alignment marlc AM is £oxnisdr become 
almost conjugated (iitsg© forming ralationshipj witii the 
field stop plate 21 regarding a constructional ays tern of 
5 the lens system 22 and ob:i'ect lens 24. Reflected lights 
of the illumination light IL^ and ill\UBination light IL^ 
irradiate on the beam splitter 23 via the prism mirror 17 
and object lens 24 . The reflected light irradiated on the 
beam splitter 23 passes through the beam splitter 23, 

10 irradiates on the reflection plates 26 and 27 via the 

lens system 25 and is reflected. Here, the reason why the 
reflection plates 26, 27, 26 and 29 are used for changing 
the proceeding direction by reflecting the reflected 
light passed through the lens system 25 is because a line 

15 sensor, such as a one-dimensional CCD, etc. is used as a 
light receiving elsnent as will be explained later on. 
Namely, in order to measure the reflected light from the 
wafer W as a two-dimensional image by a light detection 
surface by using the one-dimensional line sensor, an 

20 optical syst^ comprised of the reflection plates 2fi, 27, 
28 and 29 is devised. The reflection plate 26 is mainly 
irradiatad the reflected light of the illumination light 
11^, while the reflection plate 27 is mainly irradiated 
the reflected light of the illumination lighi: 11^. 

25 [0043] 
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the reflected lights th« re£3.ect:±on pla-bo 26 and 
that of the reflection plate 27 irradiate on the 
reflection plataa 28 and 29 9.nd reflected, respectively. 
The reflected lights of the reflection plate 28 and 29 
5 respectively irradiate on the lens systCTi 30. The light 
passed through the lens system 30 irradiates on a pupil 
division mirror 33 as an optical eleisent to break 
telecentric characteristics, ^en the light passed 
through the lens systsm 30 irradiates the pupil division 

10 mirror 33, it is reflected on the pupil division mirror 
33 and the telecentric property is broken. The non- 
telecentric light forms an image of the reflected light 
of the illumination light IL^ and an image of the 
reflected light of the illumination light 11^ again on 

IS the line sensor 35 contused of one-dimensional CCD, etc. 
via the lens syst^ 4. Namely, images of the reflected 
light of the illumination light ZZ« (two images divided 
by the pupil division mirror 33) and two images of the 
reflected light of the illumination light ILj, thus,, four 

20 images in total are formed on the line sensor 35. Note 
that the image by the illumination light XXix and the 
image by the illumination light ILy are respectively 
formed on different positions on the sensor 35. The line 
sensor 35 picks up the formed image on the light 

25 receiving surface and performs photoelectric conversion. 
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An electric signal after the photoelectric conversion is 
output to the alignniftnt signal proc^ssirtg system 18. 
10044] 

In this way/ the object lens 24, reflection plat® 2S, 

5 reflection plate 28, lens system 30, pupil division 

mirror 33, lens system 34 and line sensor 35 con^jose a 
first detection system of a focus detection system, 
while, the object lens 24, reflection plate 27, 
reflection plate 29, lens system 30, pupil division 

10 mirror 33, lens system 34 and line sensor 35 compose a 
second detection system of the focus detection system. 
Both of the first and second detection systems include 
the pupil division mirror 33 and have non-telecentric 
characteristics. Accordingly, when the wafer W displaces 

15 in the z-axis direction with respect to the focal 

position of the alignment sensor 14, the position of the 
image formed again on the line sensor 35 deviates in the 
longitudinal direction of the line sensor 35. By- 
utilizing this, an AP detection is performed. First, in a 

20 state that, while not shown, the reference mark of a 
well-known reference mark plate (fiducial mark plate) 
provided on the wafer holder 7 and the image forming 
surface of the projection optical system 6 are 
registered, the positions of the images of reflected 

25 lights of the illumination light ii^ and illumination 



light ILj formed again on the line sensor 35 are stored 
in a processing system 18 as reference positions. Note 
that in a state that image forming aurfacas of the 
alignment mark m and projection optical syst^ € are 
registered by using the alignment mark JM on the wafer 
instead of the reference mark plate, the position of the 
image formed again on the line sensor 35 may be stored as 
a reference position in the alignment signal processing 
system 18 in advance. At the time of performing AF 
detection/ in the aligimuent signal processing system 18, 
an amoTjnt of deviation in sideways of the position of the 
image formed on the line sensor 35 by the reflection 
lights of illumination light 11* and illumination light 
11^ with respect to the above stored reference position 
<the image positions of illumination light IJ^ and 
illumination light Ili^ on the sensor 35 when focused) and 
an amount of deviation in the Z-axis direction (position 
deviation direction and the amount) of the alignment mark 
AM to be measured from the direction the sidaway 
deviation occurred are detected. 
10045] 

Note that the AF detection method using the pt^il 
division method is well known, for exsttple, in the 
Japanese I*aid-Open Patent Publication Nos. 6-214150 and 
10-223517, SO a further explanation will be omitted here. 
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[0046] 

Outline of the positional relationship of the 
illumination light 11* and illumination light 11^ with 
regions on which an alignment mark AM is formed >ras 

S explained by using Fig. 4, Next, irradiation positions of 
th«s illumination light 11^ and illumination light 11^ on 
an actual wafer W will be explained. Figure 5 ia a view 
for explaining the irradiation position of the 
illumination light IL2 on the wafer W on which street 

10 lines are formed. As shown in Fig, 5, an actual wafer W 

is formed a device portion DP for attaching an electronic 
circuit, a plurality of street lines SL arranged between 
the device portions DP and perpendicularly crossing to 
each other, and alignment marks AMI to AM4 arranged on 

15 the street lines, etc. 

[0047] 

Now, when detecting a position of the alignment mark 
AM2 (an alignment mark for position detection in the Y- 
direction) using the position detection sensor, an 

20 illumination light iLsi is emitted on the street lines 
SL. When irradiating the illuniination light ILn on the 
street lines SL, the illumination light ILxi is made to 
emit on the device portions DP as shown in Pig. S. When 
detecting a position of the alignment mark AM3 <an 

25 alignment mark for position detection in the X-direction) 
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using the position detection sensor/ an illumination 
light ILxa is emitted on the street lines SL. I9hen 
emitting the illumination light ILh on the s treat lines 
SL, the illumination light Iltxs is made to emit on tha 
5 device portions DP thifi time, ffhan detecting a poeition 

of the alignment mark AM2 in the figure, reflected lights 
of both of the illumination light IL^i and illumination 
light ILyi are detected by the alignment sensor 14, while 
when detecting a position of the alignment iciaric AM3, 
10 reflected lights of both of the illumination light 11% 

and illumination light ILxs are detected by the alignment 
sensor 14. 
[0048] 

Note th3.t an explanation was made in a case where the 
15 direction in which the street lines exist (extend) and 
the measurement direction of the alignment marks formed 
on the street lines are made to be the seme in Fig. S, 
but the present invention is not limited to this and, for 
example, the alignment mark AM3 for measuring an X- 
20 direction position may be formed on a street line on 

-which the mark AM2 is formed. In this case, the mark AM3 
is measured the mark position by irradiating the 
illumination light ZLy. 
[0049] 

25 Detection results of reflected lights of the 
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illumina.tion light ILaa and illumination light ll^g 
irradiatad on the device portions DP ar© not necessary 
for highly accurate position detection of the alignment 
niarks AM2 and AM3 . The alignment marks AMI and AM3 in 
5 Fig. 5 are aligninent marks for position detection in the 
X-direction, and alignment mark AM2 and AM4 are for 
position detection in the Y-direction. Since it is 
possible to Judge the alignment mark for position 
aieasiarement of which direction by a signal ou^ut froro 
10 the position detection sensor, the alignment signal 
processing systwa 18 is set so as not to perform 
processing on detection results of a reflection light of 
an illumination light in different direction from 
position measurement for omitting unnecessary processing. 
15 Also, by storing in the main control system 13 

information indicating the position of the alignment 
marks AM and for which direction the position measurement 
is to be made by the alignment marks AM formed at the 
position^ and outputting the information to the alignn^nt 
20 signal processing system 18 every time an alignment mark 
AM is measured, unnecessary signal processing can be 
omitted without using output from the position detection 
sensor. 

[00503 

25 It is also considered that the reflection lights of 
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the illumination light Ilea and illumination light IL,8 
irradiating on the device portions DP have 1«S8 intensity 
than that of the illxamination light TLa. and illumination 
light llixs irradiating on the street lines SL due to 

5 diffraction caused toy circuits formed on the device 

portions DP. Accordingly, th« alignntent signal processing 
system 18 may be made to compare the signal intensities 
of the detection results of the reflection lights of the 
illumination light IIw. and that of illumination light 

10 llin and to perform processing only on the detection 
results having a higher intensity. 
[0051] 

Operations of position detection using the alignment 
sensor 14 of an exposure apparatus of the present 
15 embodiment will be explained next. 
10052] 

When the processing starts / the main control system 
13 drives the XY stage 9 so that the alignment mark AM on 
the wafer W moves to a position corresponding to a 

20 detection region of the alignmi^t sensor 14. The main 

control systen 13 outputs a control signal to the halogen 
Istap 15 to let it sndt illumination light ILL "When the 
illumination light ILl is emitted/ it is introduced into 
the alignment sensor 14 via the optical fiber 16, passes 

25 through the condenser lens 20, is shaped by the field 
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stop plate 21 and l;)ecomes an illiimi nation light ZIi2 
con^iosed of an illumination light Il« and illuitdnation 
light ILr< illtunination light IL2 passes through the 
l&ns system 22, ia reflected by the beam splitter 22, 
S passes through the object lens 24, is reflected by a 
prism mirror 17 and the illumination light II* and 
illumination light ILy are irradiated on the wafer W, 
[00531 

The reflected light of the illumination light IJ^ and 

10 illumination light IJat returns to the eaignment sensor 14 
via the prism mirror 17, successivaiy passes through the 
object lens 24, beam splitter 23 and lens systam 25. The 
reflected light of the illumination light 11^ is 
successivaly reflected by the reflection plates 26, 28, 

15 31 and 32 and irradiates the lens system 30, while the 
reflection light of the illumination light ILs is 
successively reflected by the reflection plates 27 and 29 
and irradiates the lens eystsn 30. Images at the time of 
irradiating the lens system 30 are that the longitudinal 

20 directions are mutually in parallel. Then, it is received 
by the line sensor 35 in a state that the telecentric 
characteristics are broken via the pupil division mirror 
33. On the light receiving surface of the line sensor, 
these images are formed in a state deviated in sideways 

25 in accordance with the position of the 3Z-axis direction 
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of the alignment marlc AM. 
[00541 

An electric signal subjected to phctoeleatric 
converting by the line sensor 35 is input to the 

5 alignment signal processing syet«n 18 and subjected to 
signal processing. At this time, the alignment signal 
processing system 18 does not perform processing on the 
deteotion results of the reflection light of the 
illumination light ILa and that of the illumination 

10 light ILsa irradiating the device portions DP shovm in 
Fig. 5 in accordance with the position detection 
direction of the alignment mark AM. An optimal focus 
position of the strsat lines SL formed on the wafer W 
with respect to the focal position of the alignment 

15 sensor 14 is detected from the deviation amount sideways 
of a deteotion signal with respect to the reference 
position stored in the alignment signal processing systMB 
18 in advance. The main control system 13 drives the Z- 
Btage 8 via the stage drive system 12 so that the 

20 position of the street lines SL on the wafer W in the Z- 
axis direction registers with the optimal focal position. 
When moving of the Z-stage 8 is oorapieted, an X- 
eoordinate and Y-coordinate of th« alignii(«nt mark AM are 
detected with high acisuracy by the position deteotion 

25 sensor . 
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lOOSSl 

The main control systeni 13 performs correetioti on th« 
x-coordinate and Y-coordinate of the detected alignment 
mark AM by adding the above explained base line amount. 
5 Then, the main control system 13 driven the XY-stage 9 so 
that the center of respective shot regions and the 
optical axis AX are registered based on the base line 
corrected x<-coordinate and Y-coordinate of the wafer W 
via the stage drive system 12. As a result^ accurate 
10 registration of the respective shot regions on the wafer 
W to the exposure positions / that is, an accurate 
alignment of the wafer W is performed. 
[0056] 

According to an embodiment of the present invention 
15 explained above/ the following effects can be obtained. 
[0057] 

First, since an illuialnation light emitted from the 
halogen Ismp 15 is irradiated on a region on the street 
line SL and on which an alignment mark AM is not formed 

20 at a time/ and the reflection light is used for detecting 
position deviation in the Z-axis direction of the wafer W 
with respect to the focal position of the alignment 
sensor 14/ the focal position of the position detection 
sensor can be aligned on the street line Sit being formed 

25 the alignment mark AM and not on the device portion DP 
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having step difference from the street line SL. Thus, 
highly accurate position detection of the alignment mark 
formed on the street line SL can be performed. 
[0058] 

5 Second; since the illmnination light ILl is shaped by 

the field stop plate 21 to be the rectangular 
illumination light II« longitudinal in the X-axis 
direction and the rectangular illumination light IL^ 
longitudinal in the Y-axis direction/ and the 

10 illumination light IL^ and illumination light IL^ are 

irradiated on the vafer VI , ev«n if the aligiunent mark AM 
is formed on the perpendicularly crossing street lines, 
either one of the illumination lights can be iriradiated 
on the pezrpendieularly crossing street lines SL on which 

15 the alignment mark AM is formed^ thus, position deviation 
of the street line with respect to the alignment sensor 
14 can be accurately detected even in such a case. As a 
result/ highly accurate alignment can be also performed, 
[005d] 

20 Third, measurement is usually performed by 

recognizing in advance the extending direction of the 
street line on which the alignment xnark to be measured is 
formed and recognizing whether the illtmination light ILk 
or illumination light IL^ is used as a measuring light. 

25 However, even in a case ^ere they are not recognized in 
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advance/ correct measurement can be performed. Namely, 
when one of the iLlumination light IL* or illtHnination 
light IL, emits onto the street line and the other 
irradiates the device portion DP at the time of 

5 measuring, the intensity of the reflected light of the 

ill-umination light irradiated on the device portion DP ia 
reduced con¥>arBd with that irradiated on the street line. 
The alignment signal processing system 18 is configured 
to con^are the intensities of the reflected lights of the 

10 illumination light ILr and illumination light 11^ and 

detect position deviations in the 2-axis direction of the 
wafer W with respect to the alignment sensor 14 by using 
only the detection results of the reflection light of the 
illumination light ^tiitted on the street line SL (results 

15 of the one having a higher reflection light intensity of 
the illumination light 11* and illiaaination light ILj) . 
Therefore, an accurate measurement can be made by 
automatically judging an illumination light whic^i should 
be used for the measurwaent. Namely, it is possible to 

20 automatically judge which reflection light of the 

illumination light 11* and illumination light IL, should 
be used as detection results in accordance with the 
direction of position measurement of the detected 
alignment mark AM, furthermore, unnecessary processing 

25 can be avoided. 



[00601 

Next, an aligiaoent apparatus according to another 
embodiment of th« present invention will be explained. 
Figure S is a view of the configuration of an alignment 
apparatus according to another ^nbodiment of the present 
invention. Note that in Pig. €, the same coanponenta as 
those in the alignment sensor 14 shown in Pig. 2 are 
indicated by the Bam© reference numbers and the 
explanation will be omitted. Different points in an 
alignment sensor SO provided in the alignment apparatus 
according to another embodiment of the present invention 
frcan the alignment sensor 14 shown in Pig. 2 are that a 
field stop plate 51 is provided instead of the field stop 
plat© 21 y a beam splitter S2 and a shield plate 56 ate 
successively provided to a light path from the lens 
system 25 to the reflection plates 26 and 27, 
furthermore, an index plate 53, a relay lens system 54, 
and an image pickup device 55 are provided on a light 
path of a light reflected fay the beam splitter S2. The 
object lens 24, lens system 25, index plate 53, relay 
lens system 54 and image pickup device SS cowpose a 
position detection optical syst«©. Accordingly, the not 
illustrated position detection sensor con^josing the 
position detection optical system explained on the above 
embodiment will be omitted in the present embodiment. 
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Aldo, the position detection optical system coznposes a 
telocentric optical system, 
[0061! 

Figure 7a is a sectional view of an exanQ»la of the 
5 field stop plate 51. The field step plate 51 is disk 

shaped the same as the field stop plate 21 shown in Fi.g, 
3A, on which a rectangular opening 40 is fcniied from near 
the center in the Y-axis direction, and a rectangular 
e^aening 41 from near the center in the X'^axis direction 

10 is further provided. The field stop plate 51 is furtheur 

formed by an opening 60 whose section is substantially 
square shaped. The opening 60 is provided for emitting on 
the alignment mark AM. The index plate 53 is arranged 
conjugatedly with an exposure surface of the wafer W with 

15 respect to the constructional system of the object lens 
24 and lens syst^ 25 in a focused state and is arranged 
conjugatedly with the light receiving surface of the 
image pickup device 55. The index plate 53 is obtained by 
forming an index mark by means of a chrome layer, etc. on 

20 a transparent plate, wherein portions of a reflected 

insige of the alignment mark pass through and are left 
transparent. Also/ the index mark is a position reference 
in the direction conjugated with the X-axis direction or 
Y-axis direction on the wafer W. 

25 [ 0062] 
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Tha Intage pickup device 55 is ccicprised, for exanpXe, 
of a two-dimensional CCD, etc. aiwi picks up the 
reflection image of the alignment m^rk Mi formed on the 
light reflection surface and a projection image of the 
5 above index mark and performs photoelectric aonvereion. 

An image signal obtained by the photoelectric conversion 
is output to the alignment signal processing system 18 , 
vhere position information in the X-axis direction and Y- 
axis direction as to the wafer W is obtained as an X- 

10 coordinate and Y-coordinate of the alignment mark AM 
based on the image signal. Figure 7b is a view of an 
example of the shield plate 56. The shield plate 56 is 
for blocking unnecessary light e^ecept the light to be 
used for focal position detection, specifically, it 

15 shields a reflected light of an illumination light 

irradiated on the wafer W by passing through the opening 

60 of the field stop plate 51 by the rectangular region 

61 which shields an incident light from irradiating on 
the first detection system and the second detection 

20 system. 

[0063] 

When the illumination light ILl is irradiated in the 
alignment sensor 50 by the halogen Isaip 15 vxa the 
optical fiber 16, it is shaped to be an illunination 
25 light IL3 conprised of an illumination light 11^, 
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illumination light IL^ and lllTsnination light IL, by the 
field stop plate 51 via the csondienser lens 20. The 
illumination light IL3 passes through the lens syst^ 22, 
is reflected by the beam splitter 23/ passes through the 
5 object lens 24, is reflected by the prism mirror 17 and 
is projected on the wafer W. Figure 8 is a view of a 
state that the illumination light ILS irradiates the 
alignment mark AM3 in Fig. 5. As shown in Fig. Q, the 
illumination light Ilq; and illumination light ZLx are 
10 emitted on the same positions as in the case shown in 

Fig. 5, but in the present eznbodiment, the illTsmination 
light xr.0 irradiates the alignment mack AM3. 
[0064] 

Reflection lights of the illumination light ZZ^, 
15 illumination light IL, and illumination light ILq return 
into the alignment sensor 50 via the prism nirror 17, 
successively pass through the object lens 24, beam 
splitter 23 and lens system 25 and irradiate on the beam 
splitter 52. A penetrated light in the reflection light 
20 irradiated on the beam splitter 52 irradiates on the 

shield plate 56, by which only reflection light of the 
illumination light IIm is blocked, and the reflection 
lights of the illumination light ZLx and illumination 
light XL;; which passed through the shield plate 56 
25 irradiate on the reflection plate 26 or 27, pass through 



-48 - 



the light path es^lained with reference to Fig. 2 and are 
detected lay the line s^eor 35. 
[OOSSl 

On the other hand, the light reflected by the beam 

5 splitter 52 irradiates on the index plate 53 and only 
reflection light of the illiiznination light ILo passes 
through the index plate 53. An image of the alignment 
mark AM that passed through the index plat« and an image 
of the index mark on the ind^ plate S3 are foxmed on the 

10 light receiving surface of the image pickup device 55 via 
the relay lens system 54. Since the position detection 
optical syst^ composes a telecentric system^ when 
position deviation of the wafer W occurs in the Z-axis 
direction frcait the focal position of the alignment sensor 

15 50, the position of the image formed on the image pickup 
surface of the image pickup device 55 is not changed and 
defocused. Since focal positions of the position 
detection optical system and the focus mieasurexnent system 
in the Z-axis direction are set to be identical, by 

20 detecting position deviation of the wafer W by the focus 
measurement system, performing alignment by driving the 
Z-stage a using t2ie main control syst^i 13 via the drive 
system 12, and aligning the focal position of the focus 
measurement syst^ to the street line SI> on the wafer w, 

25 the focal position of the position detection optical 
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sys-ten is also s«t to tha street liziei SL. 
[0066] 

According to the above explained alignment apparatus 
of another embodiment of the present invention, since a 

S position detection optical systesn and focus neasureinant 
system for measuring the position of the alignment mark 
AM on the Xf-plane are provided in the alignment sensor 
50, the apparatus can be made aoaipa.ct. and adjustment in 
the Z-aacis direction of the position detection optical 

10 system and the focus measursanent systeni is unnecessary, 
thus,- handling is easy. 
[0067] 

In the exanple ehovm in Fig. 8, since the aligntnent 
mark AM3 corresponds to a shot at relatively the center 

15 of the substrate and positions close to the center of the 
street line SL, the substrate stage (XY-stage 9) does not 
have to be moved after position detection by the 
illumination light ILbs and position detection of the 
alignment mark AM3 by the illosoination light XLo can be 

20 performed. But the positional relationship is not always 
like the one shown in Fig. 8 in all cases. 
{0068] 

In accordance with a wafer to be neaaured and sensor 
to be used for alignment measurement, an arrangenvent as 
25 shown in Fig, 14b and Fig. 15b may arise in some cases. 
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[0069] 

Figures 14a to 14c are views of exanples when a 
semiconductor chip is produced but not arranged in 
grating on the wafer. As shown in Fig. 14a, when 

5 measuring on the wafar shown in Fig> 14b in the case 

wh«re an alignment AF illumination position {illumination 
light ILs^ illuntination light XLy) and an alignment mark 
measurement position (illumination light 11^) are dafined 
<the same arrangement as the positional relationship 

10 shown in Fig. 8) , if the alignment mark illumination 
light region IL9 is aligned to the alignment mark AM3, 
the AF detection light illumination light ILx is 
partially on the street line SL, but a remaining part is 
illTsminated outside the street line (process region DP} . 

15 The detection results becomes unpreferable when 
performing the AF detection In this state. 
10070] 

Thus, when in the arrangement relationship as shown 
in Fig. 14b, the XY-stage 9 is controlled so that all of 
20 the AF detection light ILx illuminates on the street line 
and AF detection is performed, then, the stage 9 Is 
controlled such as to enter the arrangenent shown in Fig. 
14b and detection of the alignment nark. AM3 is performed. 
I0071] 

25 Figures 15a to 15c are views of examples wherein an 
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LSA is used as th« alignment nveaavresnent sensor. When the 
measurament position of the LSA (illuniination light 11^ 
and ill-uinination light ILox) and the AF measuroinent 
position (illiamination light ILg and illumination light 
5 IL,) are configured to be in the arrangement relationship 
shown in Fig. 15a / it ends up becoming an arrangeraent 
as 5ho\m in Fig. 15b when misasuring the wafer. 
[0072] 

Also in this case, as e^^lained above, position 
10 controlling of the stage 9 is performed so that all of 

the AF detection light 11^ illuminates on the street line 
SL as shown in Fig. 15b and the AF detection is 
performed, then;^ position control of the stage 9 is 
performed so as to obtain the arrangement shown in Fig. 
15 15c and detection of the alignment mark AM3 is performed. 
10073] 

Note that it is preferable for improvement of 
detection accuracy that a plurality of at least one of 
the first detection system and second detection ays ten of 

20 the focus detection system in the above alignment sensor 
14 or the alignment sensor 50 is provided, and tha-b 
position deviation is detected from a plurality of focal 
positions on the street line around the mark on the wafer 
1? at one-time focus detection. Furthermore, in the above 

25 embodiment/ an FIA type alignment sensor was <sxplained as 
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&n exatiple of the aligiutient sensors 14 and 50, but the 
present invention can be also applied to laser step 
aligianent (LSA) type and laser interferometric alignuient 
(LIA) type ali-gnment sensors. Also, in the above 
5 efttbodiznent, a shapa o£ the illiatdnation light II«e and 

illimination light IL, were rectangular, but the present 
invention is not limited to the shape and it may be 
suitably changed in accordance with an object to be 
measured. Furthermore, when the street lines SL are 
10 formed on the wafer but are not perpendicularly crossing, 
an optical systsn or field stop plates 21 and 51 may be 
changed in accordance with the street line for 
illuminating it. 
[0074] 

IS Note that the above explained escpostlre apparatus 

(Fig- 1) according to an «tibodim€ait of the present 
invention is produced by electrically, machaniealiy or 
optically connecting and assendaling the respective 
ccanponents shown in Fig. 1, suc^ as, a reticle alignment 

20 system including an illumination optical systm 1, 

reticle holder 3, base 4, drive apparatus 5/ a wafer 
alignment system including a wafer holder 1 , Z-stage 6, 
XY-stage 9, moving mirror 10 and laser interferometer 11, 
and a projection optical system 6, then, performing 

25 general adjustment (electric adjustment, operation 
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confirmation, etc.) so as to be capable of performing 
position controlling of the wafer W acoiarately at a high 
speedy iiE^roving the throughput^ and exposing at high 
accuracy. Mote that production of the es^oexire apparatus 
5 is preferably performed in a clean room ^ere the 

tenqperature , degree of cleanliness etc. are managed. 
[0075] 

Next^ production of a device herein an es^sure 
apparatus and exposure method of an emibodiinent of the 
10 present invention is used will be ea^lained. 
[0076] 

Figure 9 is a flow chart for producing a device <an 
IC/ LSI and other semiconductor chip, licpiid crystal 
panel, CCD, thin film magnetic head, micro machine, etc.) 

16 by using the exposure apparatus of an anbodiment of the 

present invention. As shown in Fig. 9, function design of 
a device <for example, circuit design, etc. of a 
semiconductor device) is performed first and pattern 
design for realizing the function is performed in Step 

20 SIO. Continuously, a mask forming a designed circuit 

pattern is prepared in Step Sll (mask making st^) . On 
the other hand, a wafer is prepared by using a material, 
such as silicone, etc., in Step 8XZ (wafer fabrication 
step) . 

25 [0077J 
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Next, in Step S13, an actual circuit, etc. is formed 
on the wafer using lithography t«^niques by using the 
mask and wafer prepared in the Steps SIO to S12. Then, in 
Step S14 (device assembly etep) , the wafer processed in 

5 the Step Sia is used for making a chip. The Step 814 
includes an assembly process (dicing, bonding) , a 
packaging process (chip sealing) , etc. Finally, in Step 
S15 (inspection step} , inspection of a operation 
confitnnation test, durability test, etc« is conducted on 

10 the device produced in the step S15. A device is 

coR^leted after passing through these processes and is 
delivered. 
[0078] 

Note that an exposure apparatus of the present 
15 embcdiment nay be aj^lied to a scanning type e:^8ure 

apparatus for es^posing a mask pattern by moving the mask 
and substrate in synchronization. Also, use of the 
exposure ap^paxatus is not limited to an exposure 
apparatus fait ssmi conductor production, and may be 
20 broadly applied to, for exas^le, an escposure apparatus 
for liquid crystal for transferring a liquid crystal 
el^nent pattern on a four-sided glass plate, and an 
e^q^sure apparatus for producing a thin film magnetic 
head. A light source of an ea^osure apparatus of the 
25 present embodiment is not limited to a g-ray (436nm) , i- 
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ray <365nniJ , KrF excimer laser (248tini) , ArF exctmer laser 
(193nio) and Fa laser (157nm) , and an X-ray, ©leetron ray 
and other charge particle ray may be used. For exan^jle, 
whan using an electron ray, a lanthanum hexaboride (LaBe) 
5 and tantaliam (Ta) of a thermionic eoiission type can be 
used as an electron gun, 
[0079] 

Magnification of the projection optical system is riot 
limited to a reducing system, and may be equal and 

10 enlarging system. As a projection optical system, when 

using a far ultraviolet ray, suCh as an exeimer laser, a 
material in which far ultraviolet ray passes through, 
such as quartz, fluorite, etc. are used, while when using 
an Fa laser or X-ray, an optical system of a eatadioptric 

15 system or dioptric system is used (using a dioptric type 
also for reticle) , when using an electron ray, an 
electronic system comprised of an electronic lens and a 
poXariscope may be used as an optical system. Note that 
it is needless to mention but a light path through which 

20 the electron ray passes is in a vacuum state. 
[0080] 

When using a linear motor for the wafer stage and 
reticle stage, any air floating type using air bearings, 
and loagnetxG floating type using a Lorentz force o» 
25 reactance force may be used. Also, the stage may be a 
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type with a guide or a type without a guide. As a drive 
apparatus of the stage / a plane laotor may be used for 
driving the stage using an eleetrcsnagnetie force by 
facing a magnetic unit wherein magnets are two- 

5 dimensional ly arranged toward an armature unit wherein 
ooil is two diraensionally arranged. In this case, it is 
sufficient that either one of the magnetic unit or the 
armature unit is connected to the stage and the other is 
provided on the moving side of the stage. 

10 10081] 

A reaction force generated by moving the wafer stage 
may be meohanically released to the floor (ground) by 
using a frame member as described in the Japanese Laid- 
open Patent Publication No. 8-166475, The reaction force 

15 caused by moving the reticle stage may be mechanically 

released to the floor (ground) by using a frame member as 
described in the Japanese Laid-open Patent Publication 
No. 8-330224. 
[0082] 

20 Note that the embodiments eacplained above were 

described to facilitate the understanding of the present 
invention and not to limit the present invention. 
Accordingly, elements disclosed In the above endDodiments 
include all daaign modifications ar^ equivalents 

25 belonging to Uie technical field of the present 
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iRveintion . 
[0083] 

As explained above, according to the present 
invention, since deviation of the street line with 
S respect to a focusewd surface is deteoted by illuminating 
a detection light on the street line, there is an effect 
that position deviation of the street line with respect 
to a focus of a position detection optical system can be 
accurately detected. Also, the detection light 

10 illuminates on the street line and a region different 

from a region of fozming a mark and is not dispersed by 
any marks, so a sufficient amount of light is obtaln«i 
for focus detection, which results in iirproving accuracy 
in detecting position deviation. 

IS [0084] 

Furthermore, according to the present invention, 
since the first detection light and the second detection 
light perpendicularly crossing each other can be 
irradiated on the street line on which a mark is formed, 

20 it is preferable to detect a position of the mark. Also, 
if a plurality of at least one of the first detection 
lights and the second detection lights are provided <if 
the ninober of illumination (illumination positions) of 
the illumination light on the street line is increased) , 

2S position deviation at a plurality of positions on the 
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street lines around thft taark can be detected by one-time 
position detection, so it brings an effect that more 
accurate measurement results can be obtained based on the 
measurement results on the plurality of positions. 

6 [008S] 

Furthermore, intensities of the reflection lights of 
the first and second detection lights are con^ared and 
focus detection is performed by selecting one of the 
first or second detection systems in accordance with the 

10 comparison results / and by selecting the first detection 
system when the street line on whi^ the marlc for 
position detection exists is along with the first 
direction while selecting the second detection system 
when along with the second direction for performing focus 

15 detection, so it is necessary to {^rform focus detection ' 
usincr a reflection light of a detection light irradiat€Kl 
on regions other than the street lines. As a result, 
there is an effect of contributing to an Itt^rov^atient of 
throughput - 

20 [0OS6] 

Also, according to the present invention, since 
position deviation of the street line with respect to the 
focused surface of an alignment apparatus Is detected 
with high accuracy by an alignment aj^aratus, and 

25 alignment of a substrate can be performed with high 



accuracy- based on the highly ^ocurate detection rasulta, 
there is an effect that it is extremely preferable in a 
case where producing a finer device is desired. 
E0087] 

The present disclosure relates to siibject matter 
contained in Japanese Patent Application No. 2000-069722, 
filed on March 14, 2000, the disclosure of which is 
eatpressly incorporated herein by reference in its 
entirety. 



